With the availability of newer techniques, a greater variety of synthetic substrates, and more reliable analytical data for proteins, the views regarding the specificity of crystalline pepsin have changed. A theory of broader specificity has displaced the limited one which was based on the hydrolysis of acylated synthetic peptides, particularly those involving glutamic acid in combination with tyrosine or phenylalanine (1, 2). Three occurrences support this change: (a) the hydrolysis of peptides that do not contain this combination of amino acids (3-6), (b) the liberation of amino nitrogen in excess of the equivalents of those amino acids in the protein molecule (7), and (c) the exposure of nonaromatic N-terminal groups during hydrolysis (8-11).
is compared with that of the native protein. The acetylated products are less susceptible but not completely inert to pepsin.
MATERIALS AND METHODS
Ovalbumin prepared according to the procedure of Kekwick and Cannan (15) was crystallized 4 or 5 times, freed of sulfates by dialysis, and then lyophilized. Samples of these preparations were acetylated with ketene (16, 17) . The acetyl derivative in which only amino groups were blocked, N-acetylovalbumin, 4 was prepared by exposing 15 ml. of a 3% solution of the protein in 3 M acetate buffer (pH 5.5) to ketene for 30 min. For the more extensively acetylated product, N,O-acetylovalbumin ,4 25.ml. samples of a 2% solution of protein in 0.75 M borate buffer (pH 9.0) were treated with ketene for 40 min. At the end of the reaction period, immediate adjustment to pH 8.0 prevented the hydrolysis of ester linkages. All acetylations were conducted at 152O"C., and the specified pH's were maintained by successive additions of NaOH. The two acetylated products were isolated in essentially the same manner: dialysis against flowing distilled water to remove the acetate ions, filtration through glass wool, adjustment to pH 4.7, and then saturation with NazSOd to precipitate the modified proteins. Aqueous solutions of these precipitates, freed of sulfate by dialysis, were lyophilized.
For the determination of the total number of acetyl groups and those labile at pH 10, the preliminary alkaline hydrolyses were based on the procedures of Herriott (19) and of Sandor and Tabone (20) . The conditions for the distillation were a modification of those used by Miller and Stanley (21) and by Herriott (19) . To liberate all the acetyl groups, a strongly basic medium and heating for 8 hr. at 100°C. are required, e.g., I-2-ml. aliquots plus 1 ml. 4 N NaOH diluted to 4 ml. Milder conditions hydrolyzed the labile acetyl groups, via., a mixture of 2-ml. aliquots, plus 1 ml. borate buffer (pH 10) and 2 ml. water incubated at 35.5"C. for 24 hr. All hydrolyzates were diluted to 10 ml. In the analysis of these hydrolyzates for acetate, I-3-ml. aliquots were diluted to 4 ml. and mixed with 2 ml. of 2 N citric acid. After the initial distillation under reduced pressure (7O"C., 20-25 mm.) at the rate of 1 ml./min., the last traces of acetic acid were removed by two successive distillations of 4 ml. COz-free water each time. The distillate was titrated with 0.02 N NaOH. 6 Under these established conditions the average recovery of 0.01-0.04 millimole of acetic acid was 99.6% and, in the presence of alanine, pepsin, or ovalbumin, 95.7, 94.1, and 102'%, respectively.
The acetyl recoveries from acetylalanine and of N,O-diacetyltyrosine under the same conditions were 97.4 and 99.9yc, respectively.
In all determinations, except for aqueous acetic acid, a blank correction was made for the minor amount of volatile acids arising from an equivalent amount of the unacetylated compound.
4 For convenience, N-acetyland N,O-acetylovalbumin refer to the products obtained by acetylation at pH's 5.5 and 9.0-9.5, respectively. 5 The COZ was removed by boiling the distillate for 5 sec., and the solution was protected from the COZ of the air while cooling.
The esterified hydroxyphenyl groups were determined by the so-called "pH 8-pH 11 method" of Herriott as modified by Miller (22) and by Rovery and Desnuelle (16) . In this method, based on the reduction of the Folin-Ciocalteau reagent by tyrosine but not by 0-acetyltyrosine, the optical densities were measured on the Klett-Summerson photoelectric calorimeter (600 rnp filter). For all analyses of the proteins, the aliquots used gave optical densities equivalent to that of 26-40 pg. of tyrosine.
The total nitrogen was determined by micro-Kjeldahl6 (23) , and the amino nitrogen by the Van Slyke procedure (24) . In the latter, a Xl-min. reaction period at 23-25°C. was employed for the determination of the total free-amino nitrogen of the proteins, and a 3-min. period for measurement of the increases in a-amino nitrogen resulting from digestion. To prevent artifacts from light-catalyzed reactions of tyrosine, the reaction chamber was covered with black paper (25 The degree of hydrolysis was measured by (a) the increases in a-amino N and (5) the decrease in the nitrogen content of the fraction precipitated by trichloroacetic acid (TCA), 10% concentration (27) .
RESULTS AND DISCUSSION
Analytical data for the substrates are presented in Table I . The values for the total nitrogen and the amino groups per molecule of ovalbumin agree with those reported in the literature (7, 28) . The observed tyrosineplus-tryptophan content as measured by the Folin-Ciocalteau reaction is equivalent to 12 residues per molecule, a good agreement with the reported 9 tyrosine and 2.6 tryptophan residues as determined by other methods (28) .
The position of the acetyl groups in the N-acetylovalbumin is practically limited to the amino groups as indicated by the agreement of the decrease in the number of primary amino groups with the number of acetyl groups stable at pH 10. The 14 or 15 groups acetylated represent 6 The color standard used routinely in titrating the distillates consists of 10 ml. of the boric acid indicator solution plus 40 ml. of 2% boric acid previously adjusted to pH 4.75, the point of inflection in the titration of ammonium borate with hydrochloric acid. 70 % of the total free-amino groups in the unmodified protein. It is possible that the incomplete acetylation of these at pH 5.6 is due to the limited reaction period (30 min.) necessitated by the tendency of the protein to precipitate. However, acetylation by acetic anhydride under conditions that blocked 90-95% of the free-amino groups in serum albumin (29) resulted in substitution on only 72 % of those in ovalbumin. These observations suggest that under experimental conditions used in this study, 28-30 % of the amino groups in the ovalbumin are unreactive to both acetylating agents. In the N,O-acetylalbumin, the acetyl content averaged 58 groups per molecule, which is more than three times that of the N-acetyl derivative. The substituted amino groups account for 21 of the 38 acetyls stable at pH 10, and the esterified tyrosine residues account for 4-5 of the 20 labile acetyls. Thus, 32 acetyl groups or more than half of them are in unidentified position. It is possible that these are esters of aliphatic hydroxyls but not thioesters. Although the sulfhydryls of denatured egg albumin acetylate rea,dily, those in the native protein are inert to ketene. Furthermore these thioesters hydrolyze rapidly in the presence of alkali at room temperature (17, 18) .
The course of the peptic hydrolyses of these proteins is shown in Figs. 1  and 2 as measured by the increase in amino N and by the fraction precipitable by trichloroacetic acid, respectively. In the experiments represented by curves A, B, and C, water and hydrochloric acid served as the solvent and, in the others, D, E, and F, sodium chloride was also present to prevent the gel&ion of the N-acetyl protein. The presence of salt (0.45% in the digest) does not significantly alter the course of the hydrolysis.
When 70% of the primary amino groups have been acetylated (as exemplified by the N-acetylalbumin, curves B and E in both Figs. 1 and Z), the susceptibility of the molecule to peptic digestion was decreased. The liberation of amino groups was approximately 80-90 % of that observed for the native protein throughout the experimental period (curves A and D compared with B and E in Fig. 1 ). The fractions of substrate N precipitated by TCA from N-acetylalbumin undergoing digestion were larger than those obtained from the digests of the native albumin at comparable time intervals (Fig. 2, curves A, B, D , and E). This small decrease in the digestibility produced by acetylation of 15 amino groups stands in marked contrast to the observation of Tazawa who reported the complete resistance of an N-acetylovalbumin to pepsin (14) . In his product, all the amino groups were acetylated as measured by the amino N. It may well be that other groups were also blocked as the product was obtained by prolonged acetylation with acetic anhydride, followed by alkaline hydrolysis to restore the esterified hydroxyl groups. Furthermore, the total number of acetyl groups was not determined. If the acetylation in Tazawa's derivative was limited to the amino groups, then it would appear that the seven unmodified groups in our N-acetyl product may significantly determine the susceptibility of this protein to the action of pepsin.
The hydrolysis of the N ,0-acetyl protein is strikingly limited as measured by both indices (curves C and F in Figs. 1 and 2) . At the end of a 24-hr. digestion period, only one-third as many bonds had been cleaved as in the native protein, and 60% of the substrate N remained in the fraction precipitable by TCA.
Restoring of the free phenolic groups in the N ,O-acetyl protein by alkaline (pH 12) hydrolysis at room temperature for 30 min. increased only slightly the degree of digestion. The number of peptide bonds cleaved enzymically during an 8-hr. digestion of this material was greater by three bonds per molecule than that observed for the original N, Oacetylovalbumin.
The degree of hydrolysis, however, remained less than half that observed with either the native or the N-acetyl protein. Therefore the marked resistance of the N ,O-compound is not associated exclusively with the esterified tyrosine residues but is also related to the additional 6 or 7 amino groups blocked in this compound but free in the N-acetyl derivative and to the acetylation of the unidentified groups. The fact that pepsin digested each of the acetylated ovalbumins used in this study opens to question the degree of acetylation or formylation in those modified ovalbumins completely inert to pepsin (14, 13) .
The peptide bonds split by pepsin cannot be limited to those involving the tyrosine and phenylalanine residues as even in the most extensively acetylated derivative, N, 0-acetylovalbumin, 33 bonds were hydrolyzed, which is greater than the total number of these residues. This observation and the cleavage of 85 and 75 bonds in the native and in the N-acetyl protein support the broad specificity of pepsin toward protein substrates. were prepared by treatment with ketene at pH's 5.6 and 9.0, respectively.
2. Both limited and extensive acetylation decreases the digestibility of ovalbumin by crystalline pepsin.
3. The limited digestion of the N, 0-acetylovalbumin may be attributed to three influences: the acetyl groups on the seven amino groups unsubstituted in the N-acetyl derivative, those on the tyrosyl residues, and those in unidentified positions, rather than to any one of these.
4. The results are in agreement with the view that pepsin is of broad specificity toward protein substrates.
